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Description 

Backaroun H nf the Invention 



This invention relates to apparatus for applying a s 
powdered coating to a workpiece. More particularly, this 
invention relates to apparatus for applying a heat-cura- 
ble powdered coating to an electric motor component. 
Most particularly, this invention relates to apparatus for 
electrostatically applying an insulating coating to elec- 10 
trie motor armatures and stators. 

It is a common practice to insulate electric motor 
winding parts i.e., amiatures and stators -with a res- 
inous or epoxy coating applied in the form of a powder. 
The motor part is either heated before powder applica- is 
tion, so that the coating fuses on contact and flows into 
a more or less uniform layer, or the motor part is heated 
after powder application to fuse the coating. 

One popular technique for assuring the desired reg- 
ularity of powder application is to apply the powder 20 
using electrostatic methods, as disclosed for example in 
document US 3921574. In these methods, the motor 
part is grounded and charged powder particles are 
deposited electrostatically. One electrostatic deposition 
method is to place the grounded motor part in a fluid- 25 
ized bed of powder particles suspended in a flow of ion- 
ized air. Another method uses electrostatic spray 
devices. A major advantage of electrostatic methods is 
that areas that need thicker than normal insulating coat- 
ings because they tend to develop more intense electric 30 
fields -e.g.. corners - receive thicker coatings for the 
very same reason, as the more intense electric fields in 
those areas cause more particles to be deposited. 

Fluidized bed coating is generally employed where 
the desired coating Is relatively tiiick and relatively uni- 35 
form, and where an even demarcation is desired 
between coated and uncoated areas. Fluidized bed 
coating is particularly useful where the object to be 
coated has reentrant portions that cannot be reached 

40 

by direct spraying. 

On the otiier hand, in cases where only isolated 
areas of the workpiece need to be coated, spray coating 
can be employed, e/en though it involves higher equip- 
ment costs and higher tolerance deviation in the fin- 
ished coating. To the extent that both methods require 45 
recovery of unused powder, spray coating also has 
higher powder recovery costs. Spray coating can use 
electrostatic or non-electrostatic sprays. 

In another known type of coating process, the work- 
piece is preheated before tiie powder is applied, so that so 
it immediately fuses at least sufficiently to be retained 
ontheworl^iece. 

In any type of coating process, before tfie actual 
coating step, the workpiece is cleaned to remove any 
dirt, grease, or other foreign matter such as solutions ss 
used on the workpiece to facilitate cutting or stamping. 
The workpiece is ttien masked to cover any areas ttiat 
should not be coated. For exampl . in the case of an 



electric motor part, there may be areas where it will be 
necessary to make electrical contact for proper func- 
tioning of the motor or. more likely there will be areas - 
such as the armature shaft - where the coating wouW 
result in too high a coefficient of friction, or where it 
would increase the dimensions of the coated piece to 
the point that it would no longer meet the necessary 
clearances - such as the rounded outer surface of the 
armature. If such areas are not masked, it may be pos- 
sible to remove the powdered coating before the powder 
is fused by heating. However, in some cases the areas 
to be kept dean are difficult to reach with powder 
removal or cleaning devices, so it is easier to mask 
those areas to prevent powder deposition in tiie first 
place. 

While automatic mask-applying devices are known, 
it may be difficult to apply masks automatically to certain 
areas. As a result, automatic mask-applying devices 
may be unnecessarily complex and therefore unneces- 
sarily expensive. 

Just as the workpiece must be treated before coat- 
ing, it must also be treated after coating and before cur- 
ing to remove, or clean, excess or undesired powder 
from areas where ttie workpiece shouW not be coated. 
Known cleaning techniques include use of vacuum, 
brushing, scraping, or wiping witii open-cell foam mate- 
rial similar to sponge. These techniques require special 
handling of the workpiece to assure that the correct 
areas of the workpiece are presented to the cleaning 
devices. These techniques also require relative motion 
between the workpiece and the device, as well as pow- 
der recovery equipment to capture the removed powder 
(except In the case of vacuum cleaning applications 
which are in and of themselves recovery appliations). Of 
course, if the preheating type of application technique is 
used, any powder applied cannot be removed, so no 
cleaning step is performed. 

After cleaning, the workpiece is frequently heated 
sufficiently to set the coating to prevent its being dis- 
lodged in further handling, although this step may be 
omitted in some applications, and is always omitted 
where preheating was used. When such a "precuring" 
step is used, it is usually carried out by infrared, micro- 
wave or induction heating, requiring, in some cases, 
that the workpiece be placed in particular alignments for 
proper heating. 

If precuring is not used, the masks cannot be 
removed prior to final curing without the possibility of 
dislodging powder from areas to be coated. However, 
after precuring. the masks may be removed and tiie 
workpiece heated to transform the coating into Its 
desired final state. This final curing step can be carried 
out in different types of equipment, and sometimes 
includes a controlled cooling step after heating. Final 
curing occurs immediately after coating where the pre- 
heating technique is used, as the other Intermediate 
steps are neither necessary nor possible. 

Known apparatus for carrying out all of the steps of 
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coating processes as described above is large, usually 
being made up of a number of separate units, requiring 
complex handling as the workpiece is removed from the 
production line for treatment at the various units. In 
addition, each unit has its own support equipment, such 
as. in particular, its own excess powder recovery sys- 
tem, requiring the moving of large volumes of air to 
recover excess powder. 

It would be desirable to be able to provide appara- 
tus for carrying out coating of workplaces that is rela- 
tively compact with as few separate stations as 
possibia 

It would also be desirable to be able to provide a 
common excess powder recovery system for the vari- 
ous units of the apparatus, to reduce the volume of air 
that must be handled. 

It would further be desirable to be able to provide for 
simplified and efficient handling of the workpieces as 
they are removed from the production line, treated, and 
returned to the production line. 

It would still further be desirable to be able to pro- 
vide such handling apparatus that can position the 
workpieces relative to the various units of the appara- 
tus. 

It would yet further be desirable to be able to pro- 
vide a more efficient cleaning unit for such apparatus. 

Finally, it would be desirable to be able to provide 
simplified automatic masking and unmasking devices 
for such apparatus. 

Summary of the Invention 

It is an object of this invention to provide apparatus 
for carrying out coating of workpieces that is relatively 
compact, with as few separate stations as possible. 

It is also an object of this invention to provide a 
common excess powder recovery system for the vari- 
ous units of the apparatus, to reduce the volume of air 
that must be handled. 

It is a further object of this invention to provide for 
simplified and efficient handling of the workpieces as 
they are removed from the production line, treated, and 
returned to tine production line. 

It is a still further object of tiiis invention to provide 
such handling apparatus that can position the work- 
pieces relative to the various units of tiie apparatus. 

It is yet a further object of this invention to provide a 
more efficient cleaning unit for such apparatus. 

Finally, it is an object of this invention to provide 
simplified automatic masking and unmasking devices 
for such apparatus. 

In accordance with this invention, tinere is provided 
apparatus for application of a powder coating to parts of 
electric motors according to claim 1. The apparatus 
comprises electrostatic coating means for applying the 
powdered coating to th workpiece, cleaning means for 
removing excess or undesired powdered coating from 
areas of the workpiece after coating of tiie workpiece by 



the electrostatic coating means, and powder recovery 
means common to both the electrostatic coating means 
and tiie cleaning means for recovering botii excess 
powdered coating from tiie coating means and removed 

5 powdered coating from til cleaning means. 

There is also provided such apparatus comprising 
coating means for applying the powdered coating to the 
workpiece. cleaning means for removing excess or 
undesired powdered coating from areas of tiie work- 
to piece after coating of the workpiece by the coating 
means, and means for translating the workpiece past 
tiie cleaning means in a first direction along a transla- 
tion plane and for presenting to the cleaning means an 
area of the workpiece from which it is desired to remove 

IS tiie powdered heat-curable coating. The cleaning 
means comprises a vacuum chamber having walls sub- 
stantially perpendicular to tiie ti-anslation plane. The 
vacuum chamber is divided into a plurality of vacuum 
plena by a plurality of dividers. The dividers are parallel 

20 to one anotiier, perpendicular to the translation plane, 
and at an oblique angle relative to the first direction. 

There is further provkled such apparatiJS compris- 
ing conveyor means for conveying the workpiece 
tiirough the apparatus, a treatment station including 

25 coating means, the coating means being a module of 
tiie treatinent station, and transfer means for removing 
tifie workpiece from the conveyor, inserting the work- 
piece into tfie treatment station in a first direction, trans- 
lating tiie workpiece past the module in the first 

30 direction, withdrawing said workpiece from the treat- 
ment station in a second direction opposite to the first 
direction, and returning tfie workpiece to the conveyor. 

There is still furtiier provided such apparatus com- 
prising a freatment station including coating means, the 

35 coating means being a module of the treatment station, 
and means for gripping tiie workpiece. 

Brief Description of tiie Drawings 

40 The above and otiier objects and advantages of tiie 
invention will be apparent upon consideration of the fol- 
lowing detailed description, taken in conjunction with 
tiie accompanying drawings, in which like reference 
characters refer to like parts throughout, and in which: 

4S 

FIG. 1 is a partially fi:agmentary perspective view of 
a preferred embodiment of apparatus according to 
the present invention; 

FIG. 2 is a partially fragmentary perspective view of 
so a treatment station according to the invention; 

FIGS. 3A and 3B (hereafter collectively FIG. 3) are 
a fragmentary cross-sectional view of a portion of 
the transfer device of tiie apparatus of FIGS. 1-2. 
taken from line 3-3 of FIG. 1 ; 
55 FIG. 4 is a fragmentary cross-sectional view of a 
further portion of tiie transfer device of tiie appara- 
tus of FIGS. 1-3. taken from line 4-4 of FIG. 3; 
FIG. 4A is a enlarged view of a portion of FIG. 4 
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within the area of FIG. 4 delimited by circle A; 
FIG. 5 is a fragmentary cross-sectional view of a 
module within the treatment station of FIG. 2. taken 
from line 5-5 of FIG, 2; 

FIG. 6 is a fragmentary cross-sectional view of s 
another module within the treatment station of FIG. 
2, taken from line 6-6 of FIG. 2; and 
FIG. 7 is a plan view, partly In section, of a second 
preferred embodiment of apparatus according to 
the present invention. 

n ^tailed DeSr r.ription of the Invention 



The present invention will be described below in the 
context of fluidized bed electrostatic coating of electric is 
motor armatures. However, the present invention Is not 
limited to that type of coating, nor to that type of work- 
piece. The present invention includes features relating 
to handling and masking of workpieces - including elec- 
tric motor winding parts and other types of workpieces • 20 
- before, during and after coating, and these features 
are applicable to other types of coating as well. 

A first feature of the invention is the inclusion of all 
coating steps - e.g.. coating, cleaning and precuring -- 
in a single treatment station on the armature production 25 
line. In the case of electrostatic coating in particular, 
coating, cleaning and precuring equipment can be sup- 
plied as modules of the treatment station. The treatment 
station can also be enclosed in a single housing to con- 
tain excess powder from both the coating and cleaning 30 
processes, so that a single powder recovery system can 
be used to recover the excess powder from both proc- 
esses, instead of separate systems as previously 
known 

Whatever modules are necessary for the type of 35 
coating technique being used can be included in the 
treatment station. However, the greatest advantage in 
enclosing the modules at the treatment station in a 
housing is achieved when more than one of the mod- 
ules requires powder recovery, so that a single powder 40 
recovery system can be used. With the preheat/spray 
technique, all powder that is deposited on the armature 
is fused, so there can be no cleaning step. Therefore, 
the only step requiring powder recovery is the spray 
coating step itself. Thus the use of a housing with the 45 
preheaVspray technique does not present as great an 
advantage as in the case of the fluidized bed electro- 
static technique. However, the use of a housing pro- 
vides at least some advantage in any case, insofar as 
most coating techniques operate better when the ambi- so 
ent conditions can be closely controlled, as in a hous- 
ing. ^ . ^. 

The cleaning module according to the invention 
includes a vacuum chamber which is subdivided by ver- 
tical walls into a plurality of openings, and preferably a ss 
plurality of channels or plena, through which air can be 
drawn. The armature to be cleaned is passed over the 
cleaning module at a distance at which the airflow into 



each respective opening or plenum is most effective for 
powder removal. The different plena are parallel to one 
another and vertical, but the openings preferably are 
arranged at an oblique angle relative to the direction in 
which the armature travels past them. 

The invention also includes a handling system for 
removing the armature from the armature production 
line, inserting it into the treatment station and moving it 
past the various modules in the treatment station, with- 
drawing it from the treatment station, and retuming it to 
the armature production line. Preferably, the handling 
system handles several armatures at one time. The 
handling system includes unique, self-locking gripping 
means, as well as automatic masking means, which are 
preferably integral with one another. 

The apparatus of the invention can be used for high 
or low volume operation. 

A preferred embodiment of apparatus according to 
the invention will be desaibed in connection with FIGS. 
1-7. 

Apparatus 10 according to the invention transfers 
armatures 12 between conveyor 11 of an armature 
processing line and a treatment station 20. In treatment 
station 20. armatures are electrostatically coated by 
coating module 21. selected armature surfaces are 
cleaned to remove unwanted powder at cleaning mod- 
ule 22, and the armature is heated to stabilize the 
deposited powder at precuring module 23. 

Armatures 12 to be coated are first cleaned in a 
precleaning station (not shown) to remove any dirt or 
other contaminants. Shafts13. 13* of each armature are 
then rested in oppositely facing V-seats 17. IT of 
respective conveyor transport chains 18, 18' of con- 
veyor 11. Conveyor 11 then transports armatures 12 to 
transfer device 15. 

Transfer device 1 5 grips armatures 1 2 and automat- 
ically masks shafts 13. 13' as will be described in more 
detail below. The gripped and masked armatures 12 are 
the transferred into treatment station 20 through window 
106 for coating, cleaning and precuring. Once these 
operations have been carried out the coated armatures 
16 are returned to the conveyor 11 and transported to 
downstream stations (not shown) for carrying out further 
coating operations and other armature production oper- 
ations. Such operations may include further cleaning 
which might not be possible in the presence of the 
masks. The operations may also include curing in an 
appropriate oven (not shown) . 

A plurality of armatures are transferred batch-wise 
continuously by transport chains 18. 18' to position and 
align armatures 12 over a platform 19. Initially, platform 
1 9 is rotated 90" from the position in which it is shown in 
FIG. 1. Platform 19 is positioned between transport 
chains 18. 18' and includes semi-cylindrical seats 100 
which become aligned with armatures 12 positioned by 
the conveyor 11. 

Once armatures 12 have been aligned over seats 
1 00 by conveyor 1 1 , a lifting device 101 caus s th plat- 
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within the area of FIG. 4 delimited by circle A; 
FIG. 5 is a fragmentary cross-sectional view of a 
module within the treatment station of FIG. 2, taken 
from line 5-5 of FIG. 2; 

FIG. 6 is a fragmentary cross-sectional view of s 
another module within the treatment station of FIG. 
2, taken from line 6-6 of FIG. 2; and 
FIG. 7 is a plan view, partly in section, of a second 
preferred embodiment of apparatus according to 
the present invention. 

Detailed Description of the Invention 

The present invention will be desaibed below in the 
context of fluldized bed electrostatic coating of electric is 
motor armatures. However, the present invention is not 
limited to that type of coating, nor to that type of work- 
piece. The present invention includes features relating 
to handling and masking of workpieces - including elec- 
tric motor winding parts and other types of workpieces - 2o 
- before, during and after coating, and these features 
are applicable to other types of coating as well. 

A first feature of the invention is the inclusion of all 
coating steps - e.g.. coating, cleaning and precuring - 
in a single treatment station on the armature production 25 
line. In the case of electrostatic coating in particular, 
coating, cleaning and precuring equipment can be sup- 
plied as modules of the treatment station. The treatment 
station can also be enclosed in a single housing to con- 
tain excess powder from both the coating and cleaning so 
processes, so that a single powder recovery system can 
be used to recover the excess powder from both proc- 
esses, instead of separate systems as previously 
known. 

Whatever modules are necessary for the type of 35 
coating technique being used can be included in the 
treatment station. However, the greatest advantage in 
enclosing the nrKxJules at the treatment station in a 
housing is achieved when more than one of the mod- 
ules requires powder recovery, so that a single powder 40 
recovery system can be used. With the preheat/spray 
technique, all powder that is deposited on the armature 
is fused, so there can be no cleaning step. Therefore, 
the only step requiring powder recovery is the spray 
coating step itself. Thus the use of a housing with the 45 
preheat/spray technique does not present as great an 
advantage as in the case of the fluidized bed electro- 
static technique. However, the use of a housing pro- 
vides at least some advantage in any case, insofar as 
most coating techniques operate better when the ambi- sc 
ent conditions can be closely controlled, as in a hous- 
ing. 

The cleaning module according to the invention 
includes a vacuum chamber which is subdivided by ver- 
tical walls into a plurality of openings, and preferably a si 
plurality of channels or plena, through which air can be 
drawn. The armature to be cleaned is passed over the 
cleaning module at a distance at which the airflow into 



each respective opening or plenum is most effective for 
powder removal. The different plena are parallel to ne 
another and vertical, but the openings preferably are 
arranged at an oblique angle relative to the direction in 
which the armature travels past them. 

TTi invention also includes a handling system for 
removing the armature from the armature production 
line, inserting It into the treatment station and moving it 
past the various modules in the treatment station, with- 
drawing it from the treatment station, and returning it to 
the armature production line. Preferably, the handling 
system handles several armatures at one time. The 
handling system includes unique, self-locking gripping 
means, as well as automatic masking means, which are 
preferably integral with one another. 

The apparatus of the Invention can be used for high 
or low volume operation. 

A preferred embodiment of apparatus according to 
the invention will be described in connection with FIGS. 
1-7. 

Apparatus 10 according to the invention transfers 
armatures 12 between conveyor 11 of an armature 
processing line and a treatment station 20. In treatment 
station 20. armatures are electrostatically coated by 
coating module 21, selected armature surfaces are 
cleaned to remove unwanted powder at cleaning mod- 
ule 22. and the armature is heated to stabilize the 
deposited powder at precuring module 23. 

Armatures 12 to be coated are first cleaned in a 
precleaning station (not shown) to remove any dirt or 
other contaminants. Shafts 1 3. 13* of each armature are 
then rested in oppositely facing V-seats 17. 17' of 
respective conveyor transport chains 18. 18' of con- 
veyor 1 1 . Conveyor 1 1 then transports armatures 12 to 
transfer device 15. 

Transfer device 1 5 grips armatures 1 2 and automat- 
ically masks shafts 13, 13' as will be described in more 
detail below. The gripped and masked armatures 1 2 are 
the transferred into treatment station 20 through window 
106 for coating, cleaning and precuring. Once these 
operations have been carried out, the coated armatures 
16 are returned to the conveyor 11 and transported to 
downstream stations (not shown) for carrying out further 
coating operations and other armature production oper- 
ations. Such operations may include further cleaning 
which might not be possible in the presence of the 
masks. The operations may also include curing in an 
appropriate oven (not shown). 

A plurality of armatures are transferred batch-wise 
continuously by transport chains 18, 18' to position and 
align armatures 12 over a platform 19. Initially, platform 
19 is rotated 90' from the position in which it is shown in 
FIG. 1. Platform 19 is positioned between transport 
chains 18, 18' and includes semi-cylindrical seats 100 
which become aligned with armatures 12 positioned by 
the conveyor 11. 

Once armatures 12 have been aligned over seats 
100 by conveyor 1 1 , a lifting device 101 causes the plat- 
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form to translate upwards between transfer chains 18. 
18' In order to engage the armatures 12 in seats 100 
and then to lift shafts 13. 13' off supporting V-members 

17. ir. 

After platform 1 9 carrying armatures 1 2 has cleared 
transport chains 18. 18\ lifting device 101 rotates plat- 
form 19 through 90° to the angular orientation shown in 
FIG 1. Further translation of platform 19 with such an 
orientation positions armatures 12 between separated 
arms 30. 31 of transfer device 15. In this position of plat- 
form 19. armature shafts 13. 13' are aligned with 
respective oppositely-facing holding assemblies 40, 41 
mounted on arms 30. 31 . After platform 19 has aligned 
armatures 12 with holding assemblies 40. 41 of arms 
30. 31 , locking device 19* with counterpart semicylindri- 
cal seats 100' (aligned with the rotated position of plat- 
form 19) descends towards platform 19. Locking device 
19' comes to a stop when its seats 100' abut and press 
against of the armatures 12. thereby locking armatures 
12 In alignment with hoWing assemblies 40. 41 of arms 

Transfer device 15 includes a support assembly 
102 fixed to a slide 103 which can translate on guides 
104, 104'. These guides are parallel to an axis 105 
alorig which the centers of armatures 12 are translated 
into treatment station 20 through window 106 in housing 
24. Arms 30, 31 are slidaWy mounted on respective 
sides of a crossbar 32 which is part of support assembly 
102, so that arms 30, 31 can be translated perpendicu- 
lar to axis 105 in order to move them farther apart or 
closer together. Each arm is associated with a respec- 
tive translating assembly 108, 108' for effecting such 
translation. 

Each assembly 108. 108' has two grippers 109, 
109' aligned with the portions of arms 30, 31 to be 
gripped. Grippers 109, 109' are carried by respective 
slides 110. 110' which move perpendicular to axis 105 
on guides 111,111' attached to a frame structure (not 
shown). 

Assemblies 108. 108' can be translated towards 
axis 105 to cause grippers 1 09, 1 09' to grip arms 30, 31 , 
after which the assemblies 108. 108" can be translated 
in the other direction to separate arms 30, 31 so that 
platform 19 can be positioned for aligning shafts 13, 13'. 
Assemblies 108, 108' can then be translated towards 
axis 105 again in order to close arms 30, 31 and to 
cause holding assemblies 40. 41 to engage and grip 
their corresponding aligned armature shafts 13, 13'. as 
described in more detail below. At the same time, mask- 
ing members are also applied to shafts 13. 13'. also as 
desaibed below. Grippers 109, 109', can then be 
released and assemblies 108. 108' can be translated 
away from axis 105 to a rest position. 

While it is possible to include mechanisms internal 
to transfer device 1 5 to perform the functions of translat- 
ing assemblies 108. 108', transfer device 15 is intended 
to be interchangeable to accommodate different sized 
workpieces, as described below. Because the transla- 



tion of arms 30. 31 must be precise, it is better to have 
precision translating assemblies 108. 108* permanently 
mounted (not shown) to the frame of apparatus 10. Not 
having to include precision translation mechanisms in 
5 each interchangeable transfer device 15 also reduces 
the expense of providing multiple interchangeable 
transfer devices 15. 

Arms 30, 31 are hollow and have respective per- 
pendicular extensions 33. 34 which are also hollow. The 
w extensions are slidably supported in guides 35, 36 of 
tubular aoss portion 32. Tubular cross portion 32 is part 
of a tube 37 forming part of support assembly 102. 

A hollow cup member 38 is fixed by means of bolts 
39 to an interior block of tube 37. A threaded portion 
15 300 of cup 38 is engaged by sleeve 301 . removably fix- 
ing tube 37 to a further tube 302. allowing for quick sub- 
stitution of transfer device 15 as described in more 
detail below. Tube 302 is fixed to an extension tube 303 
by means of thread 304, The extension tube 303 is fixed 
20 to slide 1 05 for translation of the insert device 1 5 paral- 
lel to axis 105 in order to insert armatures 12 into, and 
withdrew armatures 12 from, treatment station 20. 

A cylindrical member 305 mounted inside tube 302 
has a passage 306 forming an air cylinder and further 
25 passages for seating bushings 307, 308, supporting 
locking pins 309. 310 capable of sliding parallel to axis 

Taps 311. 312 in abutment with the end faces of 
cylindrical member 305 act as airtight bottoms for air 
30 cylinder 306. A second cylindrical member 313 acts as 
a spacer between tap 312 and a third cylindrical mem- 
ber 314. Third cylindrical member 314 supports a pneu- 
matic motor 315 having an output shaft 316. Second 
cylindrical member 313 has a central bore 317 into 
35 which motor shaft 316 extends. Motor shaft 16 is con- 
nected to a further shaft 318. Further bores 319 of sec- 
ond cylindrical member 313 provide room for air fittings 
320, 321 required to connect locking pins 309, 310 to 
flexible air tubes 322.323. 

Taps 311, 312 and cylindrical members 305, 313 



314 are all in sequential abutment, forming a sandwich 
assembly which is kept together by means of bolts (not 
shown) passing through mating bores of each of these 
members. The heads of the bolts are in abutment 
45 against tap 311 while their end portions engage 
threaded bores (not shown) of third cylindrical member 
314. This assembly is fixed to tube 302 by pushing tap 
31 1 against shoulder 324 of tube 302 using ring 325. 
Piston member 326 is slidably mounted in the bore 
50 306 of cylindrical member 305. Pins 309, 31 0 are fixed 
to piston 326 by means of disk assembly 327. By sup- 
plying air to the chambers formed in bore 306 by piston 
326 pins 309. 310 can be caused to translate fbnwards 
or backwards in bushings 307. 308. When piston 326 is 
55 thrust fonward (towards cross portion 32). the tips of 
pins 309, 310 become engaged in precision bores 328 
of arm extensions 33. 34 in order to lock the arms in the 
closed position. Such a locking operation is required to 
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maintain armature shafts 13, 13' gripped by holding 
assemblies 40. 41 once grippers 109, 109' of assem- 
blies 108. 108' have been released. 

Pins 309. 310 are preferably hollow so that air fed 
through tubes 322. 323 can be supplied to the interiors 
of extensions 33. 34 and consequently to the interior of 
arms 30. 31. for reasons to be discussed below. The 
other ends of tubes 322. 323 communicate with a suita- 
ble air supply through the rear end of extension tube 

Motor 315 is used to cause rotation of holding 
assemblies 40. 41 together with armatures 12 as 
desCTibed in more detail below. A bevel gear 329 is 
mounted at the end of a shaft 330 on bearings 331 of 
tube 37. Shaft 330 is connected to shaft 318 by means 
of a quick release cross connection 332. Shaft 318 is 
mounted to rotate on central bushing 344 of piston 326. 
The other end of shaft 318 is threadedly connected to 
motor shaft 316. 

Hollow shafts 333. 334 are mounted on bearings 
335 of cross portion 32. Shaft 336 is supported in hol- 
low shafts 333. 334 and on bearings 337 of cross por- 
tion 32. Keys 338, 339 pass through respective slots 
340 of hollow shafts 333. 334 in order to engage 
respective channels machined along the length of shaft 
336. 

To rotate shaft 336. bevel gear 341 (fixed to shaft 
336) engages bevel gear 329 which is turned by motor 
315 Hollow shafts 333, 334 are also caused to rotate by 
engagement of keys 338. 339 in their respective chan- 
nels of shaft 336. This causes belt pulleys 342. 343 
mounted on the ends of hollow shafts 333. 334 to rotate 
so that holding assemblies 40. 41 together with arma- 
tures can be turned when required, as discussed below. 

Slidability of hollow shafts 333, 334 on shaft 336, 
together with the engagement of keys 338. 339 in their 
respective channels of shaft 336, allows for translation 
of hollow shafts 333. 334 when extensions 33. 34 are 
moved to separate or close arms 30, 31 . 

During movement of arms 30. 31 toward one 
another, each shaft end 13. 13' comes into abutment 
with member 42 of holding assembly 40, 41. fixed to 
gripping member 43 by means of thread 44. Gripping 
member 43. slidably mounted in sleeve member 45. is 
then caused to retract as arms 30, 31 move towards 
each other, forcing holding assemblies 40. 41 against 
shafts 13. 13'. Sleeve member 45 is fixed between a 
shoulder 46 of support member 47 and the shoulder of 
masking member or shroud 402. Gripping member 43 is 
provided with a split cylindrical portion 48 which 
engages a rounded tip portion 49 of fixed sleeve mem- 
ber 45. Portion 48 of member 43 is split in such a way 
that there are a number of equiaxially spaced-apart por- 
tions for engagement with tip portion 49 of sleeve mem- 
ber 45. Portion 48 also has a hollow central core sized 
to exceed slightly the diameter of shaft 13. 13', and has 
a f rustoconically shaped outer surface. 

As arms 30, 31 are translated towards each other. 



split portions 48 of gripping meniber 43 become 
wedged between the shaft 13. 13' and tip portion 49 of 
sleeve member 45 as shaft 13. 13' bears on member 
42. This generates a frictional gripping fbrce on ttie 
5 shaft 13 13' which prevents rotation of shaft 13, 13' in 
relation to gripping member 43. It also prevents lateral 
movement off shaft 13, 13' in relation to axis 400 and 
translation of shaft 12. 12' along axis 400. Preloading 
spring 401 mounted between gripping member 43 and 
,0 the bottom of sleeve member 45 biases gripping mem- 
ber 43 into abutment with the front portion of masking 
member 402 when arms 30. 31 are separated and shaft 
13, 13' is not bearing on member 42. 

The opposite end of masking member 402 is fixed 
15 to support member 47 by means of thread 403. Support 
member 47 can rotate on bearing 404 mounted in a 
cylindrical seat 405 of arm 30. 31. Belt pulley 406 is 
mounted on the end of support member 47 for turning 
shaft 13 13' together with masking member 402. This is 
20 achieved by connecting belt 407 to pulley 342. 343. Belt 
407 is also connected to similar pulleys of other holding 
members 40. 41 on arms 30. 31 so that all 5hafts13. 13' 
together with respective masking members 402 can 
rotate at the same time and at the same rate. 
25 As discussed above, once assemblies 108. 108' 
have moved together sufficiently to cause masking and 
firm gripping of shafts 13, 13' by holding assemblies 40, 

41 pins 309, 310 are inserted in bores 328 of exten- 
sions 33. 34 to lock arms 30. 31 with assemblies 40. 41 

30 engaged. Assemblies 40, 41 are thus self-locking once 
they are urged onto shafts 13. 13' by arms 30. 31 . and 
are self-releasing as arms 30. 31 move apart. 

When arms 30, 31 and holding assemblies 40. 41 
are locked, air is supplied through bores of pins 309. 
35 310 and passes through a central passage 408 of sup- 
port member 47. then through a bore and slit of member 

42 and finally between spaced apart portions of split 
cylindrical portion 48 in order to fill the inside of masking 
member 402, creating positive pressure to further pre- 

40 vent the entry of powder particles. Spacing between 
masking member 402 and shaft 13. 13' creates an 
annular jet of air that both prevents the entry of powder 
particles and conforms the coating edge to a required 
shape. Altematively. cylindrical portion 48 could be solid 
45 instead of split, and could be provided when holes or 
vents to allow the passage of air. 

The internal mechanism of hoWing assembly 41 
has heretofore been described as being identical to that 
of assembly 40. However, the mechanism does differ in 
so that sleeve member 45 of assembly 41 only is slidably 
mounted in a passage 409 of support member 47, 
biased against a spring 410. This translatable mounting 
allows for compensation for different armature lengths 
which may be mounted between arms 30. 31. 
55 Holding assembly 41 of arm 31 is othenwse identi- 
cal to that of the mechanism of holding assembly 40 of 
ami 30. In particular, assembly 41 has the same mech- 
anism for rotating the grippers and. consequently, arma- 
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tures 12. This assures that armatures 12 and masks 
402 rotat even if one of the gripping members slips on 
its respective armature shaft 13, 13'. as It is unlikely that 
both gripping members associated with the same arma- 
ture 12 will slip. 

If electrostatic coating is to be used, gripping mem- 
bers 43, sleeve members 45 and support members 47 
are preferably made of conductive material, as are arms 
30, 31. so that armature 12 can be properly grounded. 
However, masking members 402 are presently made of 
nonmetallic material to avoid attracting the deposition of 
powder during the coating cycle. 

Once the armatures have been gripped and 
masked by holding assemblies 40. 41, slide 103 can be 
translated by means of belt 112 connected to a pro- 
grammable motor drive (not shown), so that transfer 
device 15 moves armatures 12 along axis 103 in order 
to pass through window 106 into treatment station 20. 

To allow processing of armatures 12 having differ- 
ent shaft diameters, handling device 15, including arms 
30, 31, cross portion 32 and tube 37. can be removed 
as a unit by simply releasing threaded sleeve 301. A 
substitute handling device having masking members 
and gripping parts of the required size can then be rap- 
idly mounted on tube 302 with relative ease and without 
excessive downtime of apparatus 10. Mounting of a 
substitute handling device Is a very simple operation 
which only requires alignment of cup 38 with tube 302, 
alignment of members forming cross connection 332 
and turning of threaded sleeve 301 . 

Once handling device 15 has been dismounted, it 
can be converted for processing other armature sizes. 
This can be achieved by simply unscrewing nrasking 
member 402 from support member 47 in order to dis- 
mount and substitute all the internal parts required for 
gripping the armature shafts of differing sizes. In addi- 
tion, the placement of all of the working mechanisms of 
transfer device 15 internally of transfer device 15 
(including the mechanisms of holding assemblies 40, 
41) protects the working mechanisms from powder con- 
tamination. The placement of slide 103 and its drive 
104, 104'. 112 outside treatment station 20 similarly 
protects those mechanisms from contamination. 

FIG. 5 shows an armature 12 positioned at electro- 
static fluidized bed coating module 21 by means of hold- 
ing assemblies 40, 41. Positioning of armature 12 in 
relation to module 21 requires that the armature center 
be placed at a predetermined distance above a porous 
plate 50 which supports coating powder 51 . This can be 
achieved by translating slide 103 on guides 104. 104' so 
that the armature centers move along axis 105 until a 
predetermined path has been traversed. The required 
distance between axis 105 and porous plate 50 is deter- 
mined empirically for each armature size to be coated. 
Once such information has been obtained, adjustment 
means (not shown) can be used to change the position 
of the coating module 21 to obtain the required distance 
between the porous plate 50 and axis 105. 



Once armature 12 (or more correctly the plurality of 
armatures 12 cabled by transfer device 15) has b en 
precisely positioned at coating module 21, a required 
voltage is applied to electrode 55 in order to create elec- 

5 trostatic attraction lines leading to the grounded arma- 
ture. At the same time, a flow of air passes from 
enclosure 56 (enclosure 56 is filled by tubing 57) 
through electrode 55 where it is ionized, and then 
through porous plate 50. In this way, the air charges 

10 powder 51 and also fluidizes it (causes continuous 
movement of the powder particles near porous plate 
50). By means of the electrostatic attraction lines lead- 
ing to armature 12, the particles are accelerated 
towards the armature so that coating can be accom- 

15 plished in the required cycle time. 

During such a cycle time, in order to obtain a com- 
plete and uniform coating of armature 12. armature 12 
is rotated by actuating motor 315 so that the entire cir- 
cumference of armature 12 can be evenly exposed to 

20 the electrostatically charged powder 51 . 

Powder 51 leaving porous plate 50 which is not 
deposited on armature 12 can be recovered by means 
of passages 58 leading to vacuum recovery chamber 59 
situated in the lower part of housing 20. Such a cham- 

25 ber, as discussed below. Is also used by cleaning mod- 
ule 22 and therefore collects powder from both modules 
21,22. 

The armature surfaces to be coated are the 
unmasked portions of shafts 13, 13', the stack end faces 

30 52. 52', and the interiors of core slots 53, 53' for receiv- 
ing the windings. However, powder is also deposited on 
the outside surface 54 of armature 12. Coating on the 
outside surface is not required in the finished armature, 
and may be undesirable, so any powder deposited must 

35 be removed by cleaning module 22 prior to precuring by 
module 23. 

FIG. 6 shows coated armature 12 positioned at 
cleaning module 22 by handling device 15. 

Cleaning module 22 includes an upstanding enclo- 

40 sure 60 divided into a number of channels or plena 61 
formed by means of equally spaced dividers 62. The 
vertical edges of dividers 62 are airtightly fixed to longi- 
tudinal walls 63 of enclosure 60. Each divider crosses 
from one longitudinal wall to the other along a plane 

45 which is inclined to a vertical transverse section of 
enclosure 60, as best seen in FIG. 2. Upward face 64 of 
enclosure 60 facing armature 12 is open, and consists 
of a series of equally spaced openings 25 for channels 
61. The bottom face 65 of enclosure 60 Is similar to 

so upward face 64 and consists of the opposite openings 
of channels 61 . Bottom face 65 of enclosure 60 Is con- 
nected to vacuum recovery chamber 59 by means of 
flexible member 66. 

Air is drawn in through openings 25. and as it is 

55 drawn in, it is subject to an acceleration or increase in 
speed as it approaches face 64. This is a well-known 
phenomenon occurring when a fluid flows from a large 
section to a more reduced section such as the one pre- 
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sented by openings 25. 

To dislodge powder 51 and convey it away from the 
surface of armature 12 by means of vacuum, the air 
drawn in must reach a mininfium speed, such that none 
of powder 51 would be removed if the air speed were 
lower. In order to clean portions of armature 12 without 
removing powder 51 from adjacent portions, the por- 
tions to be cleaned must be positioned where the mini- 
mum air speed is reached, while portions where powder 
51 is not to be removed should not be subject to air hav- 
ing such speeds. Thus in the case of an armature, only 
the outer surface of the core should be presented to air 
flow exceeding the minimum speed, and not stack end 
faces 52. 52* or the reentrant portions of slots 53, 53'. 

To obtain efficient cleaning (i.e.. complete removal 
of powder 51 within an acceptable time period), the sur- 
face to be cleaned should be presented as near as pos- 
sible to openings 25 where the air speed is sufficiently 
high. 

Openings 25 are preferably at an oblique angle rel- 
ative to the direction of travel of armature 12 because, 
for an armature at the same distance from openings 25. 
the resistance to air flow caused by the presence of 
armature 12 is less than it would be with transverse 
openings, resulting in less of an increase in air speed as 
suction air flows around armature 12. In the case of 
armature 12 having slots 53. 53" from which powder 51 
is not to be removed, the higher resistance that would 
be presented if openings 25 were transverse would 
cause a greater and faster air flow through and near the 
ends of slots 53, 53' in faces 52. 52', which might cause 
removal of powder 51 from portions of slots 53, 53' from 
which powder should not be removed. Oblique open- 
ings 25 help avoid that situation. 

Furthermore, armature 12 sometimes has a degree 
of eccentricity of the outer surface in relation to its axis 
of rotation. This may cause portions of the outer surface 
to scrape the edges of openings 25. In the case of trans- 
verse openings such saaping would affect a larger por- 
tion of the surface than it would in the case of oblique 
openings. During the scraping, there is more obstruc- 
tion of air running along the armature surface to be 
cleaned and therefore a greater amount of air would 
flow through and near the end apertures of slots 53. 53'. 
For this reason also, oblique openings 25 are preferred 
to minimize air flow within slots 53, 53'. 

Furthermore, oblique openings tend to produce an 
air flow which is directed parallel to face 64. This con- 
tributes to efficient cleaning for extremely restricted por- 
tions when positioning armature 12 in relation to face 
64. This is particularly desirable for cleaning border 
regions between coated and uncoated portions. Trans- 
verse openings tend to produce an air flow which 
diverges away from face 64, which is less effective for 
cleaning. 

Oblique openings 25 can be obtained by machining 
slots on a plate (not shown) which becomes face 64 of 
enclosure 60. In such a case enclosure 60 would not 



require dividers 62 to form plena 61 , although it may still 
be desirable to provide such plena 61 . Openings formed 
in the machined plate may be provided with angled 
edges to direct air flow in desired directions relative to 
5 face 64. 

For cleaning thicker deposits of powder 51. it may 
be desirable to scrape the surface to be cleaned to help 
dislodge powder 51 so that the air flow can carry it away. 
Such scraping action could be provided by a dedicated 
10 scraping element, or armature 12 could be positioned 
so that its surface saapes the edges of openings 25. In 
the latter situation, the edges of openings 25 should 
deform under the scraping action of armature 12 to 
avoid jamming of the workpiece and to insure uniforrn 
15 scraping, as well as to allow lower tolerances in posi- 
tioning armature 12 in relation to face 64. The neces- 
sary deformable edges can be provided by flexible 
dividers 62 which are not fixed for their entire length to 
walls 63 off enclosure 60. but only along a small portion 
20 of their length near bottom face 65 of enclosure 60. 

If scraping is used to dislodge powder 51 . it is pos- 
sible to provide transverse rather than oblique openings 
25, because the air flow would only be needed to carry 
away dislodged powder 51 . Thus the air speed could be 
25 reduced to the point where the danger of renrwving pow- 
der 51 that should not be removed is minimized. Of 
course, if the edges of transverse openings 25 are used 
for scraping, they should be deformable, as discussed 
above. 

30 Similarly, transverse openings could be used, even 
without scraping, where the workpieces to be cleaned 
did not have reentrant portions from which one did not 
want powder 51 removed - e.g., a hollow open-ended 
cylinder which requires removal of powder 51 from its 
35 outer surface while its inner surface remains coated. In 
this case, air would not pass through the inside of the 
cylinder even 'if obstruction of the air flow were caused 
by unwanted scraping. However, if such a workpiece 
has end faces on which powder should remain, then 
40 obstruction of the air flow by unwanted scraping should 
be avoided. 

Longitudinal openings could also be used, but if 
they were not used in conjunction with scraping, por- 
tions of the workpiece surface over the longitudinal 
45 dividers between the openings might not be subjected 
to sufficient air flow and might remain at least partially 
coated, unless the workpiece were also translated from 
side to side. 

Armature 12 is positioned at cleaning module 22 by 
50 translating slide 103 along guides 104. 104' so that 
armature 12 moves along axis 105. The required dis- 
tance between axis 105 and upward face 64 of enclo- 
sure 60 is determined empirically for each armature 
size to be cleaned, depending on whether or not scrap- 
55 ing is desired. Once such information has been 
obtained, adjustment means (not shown) can be used 
to change the position of enclosure 60. and therefore of 
upward face 66, in relation to axis 105. In order to 
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remove povyrder 51 from the entire armature surface, the 
armature is rotated by actuating motor 315 and trans- 
lated along axis 1 05 by translating slide 103 for a prede- 
termined distance. 

Once the armature 12 has been cleaned, each 
armature 12 is positioned at precuring module 23 by 
translating slide 103 for a further predetermined 
amount. Precuring module 23 includes heating ele- 
ments 26 positioned below armature 12 for radiating 
heat for a required time. During such a time, armature 
12 is rotated to expose all its coated portions towards 
heating elements 26 in order to achieve the required 
stabilization of powder 51 . 

With the powder coating stabilized by precuring. it 
is possible to measure the coating before final curing 
without disturbing the coating, which is not possible 
when precuring is not used. If the coating is either too 
thick or too thin, or is not sufficiently uniform, the arma- 
ture can be removed from the production line and the 
precured coating easily removed. The armature can 
then be recoated. In contrast, removal of a cured coat- 
ing is very difficult. More significantly, the data obtained 
by measuring the precured coating can be fed back to 
coating module 21 to adjust the coating of subsequent 
armatures 12. 

During processing in treatment station 20, negative 
air pressure relative to ambient atmospheric pressure is 
maintained in station 20 by conventional means such as 
fan 27. After processing is complete in statfon 20. an air 
barrier (not shown) across opening 106. sliding in slot 
1 13, which is closed during processing in treatment sta- 
tion'20. can be opened and transfer device 15 can be 
translated out of treatment station 20 until now-coated 
armatures 16 are aligned with seats 100 of waiting plat- 
form 19. Platform 19 and lock device 19' are then trans- 
lated towards each other to lock armatures 16. Arms 30, 
31 translate away from each other by means of assem- 
blies 108, 108*. When arms 30. 31 are separated from 
each other, the friclional gripping forces holding shafts 
13, 13' are gradually overcome so that armatures 16 
remain positioned between lock device 19* and platform 
19. Once holding assemblies 40, 41 have cleared the 
ends of shafts 13, 13\ platform 19 descends and rotates 
90" to place the shaft ends on the V-seats 17, 17 of 
conveyor 1 1 for further processing. 

In a second preferred embodiment of apparatus 70 
according to the invention, illustrated in FIG. 7. linearly- 
arranged treatment station 20 is replaced by arcuately- 
arranged treatment station 71 . in which modules 21 , 22. 
23 are arranged at 90' intervals within part-circular 
housing 73. Four transfer devices 72, each similar to 
transfer device 15, are mounted on arms 74 radiating 
from rotating hub 75. 

Arms 76 of transfer devices 72 move in the direc- 
tions of arrows B to grip and mask armatures 1 2. and to 
release coated armatures 16. when the respective 
transfer device 72 is at loading position 77 over con- 
veyor 11. Hub 75 rotates transfer devices 72 in the 



direction of arrows C, so that each transfer device 72 
successively carries its load of armatures in through 
opening 700. past modules 21 . 22. 23 stopping for treat- 
ment at each module, before exiting opening 701 and 
5 returning to loading position 77. The processing time at 
each module 21, 22. 23 is arranged to substantially 
equal the time needed at loading position 77 to unload 
coated armatures 16 and load a new batch of uncoated 
armatures 12. 

The arcuate arrangement of treatment station 71 



10 w 

allows all modules 21. 22. 23 to operate at the same 
time inweasing throughput. In addition, more effective 
cleaning of armatures 12 may be possible because the 
arcuate arrangement allows room for addittonal clean- 
15 ing modules 78. 79 which dean the armatures as they 
are carried past while hub 75 is rotating. 

As discussed above, other workpieces such as sta- 
tors may be coated by using the principles that underlie 
this invention. For example in the case of stators. coat- 
20 ing must be applied to the internal slots which receive 
the pole coils. This can be achieved by mounting the 
stator on a device which engages the inside surface of 
the pde dove tail portions leaving the coil slots free for 
depositton of the powder. Such a device would include 
25 Shafts similar to 13. 13* of armature 12 which can be 
aligned with holding assemblies 40, 41 of arms 30. 31. 
Masking in the case of the stator can be carried out 
using disks which cover portions of the stack face. The 
masks can be canried by holding assemblies similar to 
30 40. 41 and can be applied to the stator when closing 
arms 30. 31 to cause gripping of the shafts. In the case 
of the stator. unwanted powder which is deposited on 
the outside of the core can be removed by a cleaning 
device which Is similar to that of module 22. 
35 TTius it is seen that apparatus achieving all the 
objects set out above has been provided. One skilled in 
the art will appreciate that the present invention can be 
practiced by other than the described embodiments, 
which are presented for purposes of illustration and not 
40 of limitation, and the present invention is limited only by 
the claims which follow. 

Claims 

45 1. Apparatus (10) for application of a powder coating 
to parts (12) of electric motors, wherein said parts 
have shafts (13. 13') extending from a core portfon. 
said apparatus comprising: conveyor means (11) 
for conveying said parts through said apparatus; 
so a treatment station (20), said treatment station 
including: an electrostatic fluidized bed coating 
means (21) for electrostatically applying said pow- 
der coating to said parts; characterised in that it fur- 
ther comprises 

55 transfer means (15) for removing said parts from 
said conveyor, moving said parts through said treat- 
ment station and returning said parts to said con- 
veyor, wherein said transfer means comprises 
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gripping means (30, 31, 40, 41) for firmly holding 
said shafts (13, 13') of a plurality of said parts with 
their longitudinal axis (400) horizontal; and means 
for simultaneously moving said plurality of said 
parts to said electrostatic fluidized bed coating 
means (21) while said shafts of said parts are being 
held by said gripping means (30, 31 , 40, 41) and for 
positioning said parts with their longitudinal axis 
(400) horizontal with respect to said electrostatic 
fluidized bed to simultaneously coat said plurality of 
parts. 

2. The apparatus of claim 1 wherein said transfer 
means further comprises means (315, 342) for 
rotating said plurality of gripping means to present 
desired faces of said parts to said coating means. 

3. The apparatus of claim 2 wherein said means for 
rotating said gripping means comprises a belt pul- 
ley transmission (342) for simultaneously rotating 
said plurality of gripping means. 

4. The apparatus of any of the preceding claims 
wherein said transfer means is interchangeable for 
handling parts of different dimensions. 

5. The apparatus of any of the preceding claims 
wherein said plurality of gripping means are inter- 
changeable for handling parts of different dimen- 
sions. 

6. The apparatus of any of the preceding claims 
wherein said transfer means further comprises 
means (402) for automatically masking portions of 
said plurality of parts to prevent deposition of said 
coating on said portions. 

7. The apparatus of claim 6 wherein said automatic 
masking means are interchangeable. 

8. The apparatus of claim 1 wherein said treatment 
station further comprises cleaning means (22) for 
remos^ng excess or undesired powder coating from 
areas of said plurality of parts after coating of said 
plurality of parts by said coating means. 

9. The apparatus of claim 8 wherein said cleaning 
means further comprises openings (25) formed by 
dividers (62), wherein said dividers scrape said 
areas of said plurality of parts to remove excess or 
undesired powder coating. 

10. The apparatus of claim 9 wherein said openings 
formed by said dividers are at an oblique angle rel- 
ative to a direction of movement (C) of said transfer 
means for simultaneously moving said plurality of 
said parts to said electrostatic fluidized bed coating 
means. 



11. The apparatus of claim 9 or 10 wherein relative 
motion is created between said plurality of parts 
and said openings by rotation of said plurality of 
gripping means, to scrape excess or unwanted 

5 powder from said plurality of parts. 

12. The apparatus of claims 9, 10 or 11 wherein said 
apparatus having said openings is further provided 
with vacuum means (66) for transporting said 

10 excess or unwanted powder to a recovery means 
(59). 

13. The apparatus of claim 12 wherein said treatment 
station comprises a housing (20) ; and said recovery 

IS means comprises a vacuum recovery chamber (59) 
within said housing. 

14. The apparatus of claim 13 further comprising 
means (27) for maintaining negative air pressure in 

20 said housing relative to ambient atmospheric pres- 
sure for preventing escape of excess powder from 
said housing. 

15. The apparatus of any of the preceding claims 
25 wherein said transfer means move said plurality of 

parts along an arcuate path (C) to move said plural- 
ity of said parts to said electrostatic fluidized bed 
coating means. 

30 16. The apparatus of any of tiie preceding claims 
wherein said plurality of parts are a plurality of 
armatures each having opposite shafts (13, 13') 
protruding from a central lamination stack (54) to be 
held by said gripping means. 

35 

1 7. The apparatus of claim 1 6 wherein said longitudinal 
axis is parallel to a horizontal powder support plate 
(50) of said electi-ostatic fluidized bed coating 
means. 

40 

1 8. The apparatus of claim 1 6 or 1 7 wherein said trans- 
fer device comprises two opposite gripping means 
fbr gripping said opposite shafts of one of said 
armatures; and wherein said two opposite gripping 

45 means are mounted on support arms (30, 31) of 
said ti-ansfer means. 

19. The apparatus of claim 18 wherein said gripping 
means further comprises means (40) for engaging 

so ever and holding each of said shafts, said engaging 
and holding means comprising a locking cylinder 
(48) having a hollow core having a diameter greater 
than tiie diameter of said shaft for admitting said 
shaft, and having a frustoconical outer surface 

55 whose diameter decreases in a direction away fi'om 
said armatures, said engaging and holding means 
further comprising a camming cylinder (45) further 
from said armature than said locking cylinder. 
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20. The apparatus of claim 11 wherein relative transla- 
tion motion is also created between said plurality of 
parts and said openings to scrape excess or 
unwanted powder from said plurality of parts. 

21. The apparatus of any of the preceding claims 
wherein said treatment station further comprises 
curing means (23) for acconplishing a curing oper- 
ation of said plurality of parts. 

22. The apparatus of claim 21 wherein said curing 
means comprises means (26) for heating said plu- 
rality of parts to obtain said curing. 

23. The apparatus of claims 6 or 7 further comprising 
means (322. 323) for maintaining within said auto- 
matic masking means a positive air pressure rela- 
tive to ambient atmospheric pressure. 



24. The apparatus of claim 16 further comprising 20 
means (402, 13, 13'. 322, 323) tor producing an air 
jet to form the edge of the powder coating on said 



PatentansprQche 



10 



IS 



25- The apparatus of any of the preceding claims 25 
wherein said transfer device comprises a main 
movable support arm (102, 74) for supporting and 
moving said plurality of gripping means. 
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1 . Vorrichtung (1 0) zur Aufbringung einer, 

Pulverbeschichtung an Teilen (12) von Elektromo- 
toren. die von einem Kernabschnitt herausragende 
Wellen (13, 13') aufwelsen, die genanrrte Vonrich- 35 
tung umfassend: FOrdermittel (11), um die Teile 
durch die Vomchtung zu transportieren; 
eine Bearbeitungsstation (20) mir Mittein zum elek- 
trostatischen FlieBbett-Beschichten (21). um die 
Pulverbeschichtung auf die Teile aufzubringen; 40 
dadurch gekennzeichnet daB sie weiterhin umlaBt: 

Transportmittel (15), um die Teile vom FOrder- 
band zu entnehmen, sie durch die Bearbei- 
tungsstation zu bewegen und zum FCrderband 4S 
zurOckzubringen, wobei die genannten Trans- 
portmittel Greifmittel (30. 31 . 40, 41) umfassen, 
um Jewells die Welle (13, 13*) einer Mehrzahl 
solcher Teile gut festzuhalten. wobei deren 
Ungsachse (400) horizontal angeordnet ist; so 
und Mittel zum gleichzeitigen Bewegen der 
genannten Teile zu den Mittein zum elektrosta- 
tischen RieBbett-Beschichten (21), wdhrend 
die Wellen der genannten Teile durch die Greif- 
mittel (30, 31 , 40, 41 ) festgehalten werden. und ss 
zum Positionieren der genannten Teile mit ihrer 
L&ngsachse (400) horizontal relativ zur elektro- 
statischen Fli Bbett-Beschichtung, so daB sie 



gleichzeitig beschichtet werden l^nnen. 

2. Vorrichtung nach Anspruch 1 . in welcher die Trans- 
portmittel (15) weiterhin Mittel (315. 342) zum Ore- 
hen der Greifmittel umfassen. um den 
Beschichtungsmittein gewQnschte AuBenfldchen 
der Teile vorzulegen. 

3. Vorrichtung nach Anspruch 2, in welcher die Mittel 
zum Drehen der Greifmittel einen Zahnriemen- 
scheibenantrieb (342) umfassen, um die Greifmittel 
gleichzeitig zu drehen. 

4. Vorrichtung nach mindestens einem der vorherge- 
henden Anspruche, in welcher die Transportmittel 
austauschbar sind, um Teile mit unterschiedlichen 
Abmessungen handhaben zu kOnnen. 

5. Vorrichtung nach mindestens einem der vorherge- 
henden Anspruche, in welcher die Greifmittel aus- 
tauschbar sind, um Teile mit unterschiedlichen 
Abmessungen handhaben zu kOnnen. 

6. Vorrichtung nach mindestens einem der vorherge- 
henden Anspruche, in welcher die Transportmittel 
weiterhin Mittel (402) zum automatischen Abdek- 
ken von Abschnitten der Teile umfassen, um eine 
Ablagerung der Beschichtung auf diesen Abschnit- 
ten zu verhindern. 

7. Vorrichtung nach Anspruch 6, in welcher die 
genannten Mittel zum automatischen Abdecken 
austauschbar sind. 

8. Varichtung nach Anspruch 1, in welcher die 
genannte Bearbeitungsstation weiterhin Reini- 
gungsmittel (22) umfaBt, um nach Beschichtung 
der Teile durch die Beschichtungsmittel uberschDs- 
sige Oder unenvunschte Pulverbeschichtung von 
Bereichen dieser Teile zu entfernen. 

9. Vorrichtung nach Anspruch 8. in welcher die Reini- 
gungsmittel weiterhin durch Unterteilungen (62) 
gebildete Offnungen (25) umfassen, wobei die 
genannten Unterteilungen die genannten Bereiche 
der Teile abkratzen, um uberschussige Oder uner- 
wunschte Pulverbeschichtung zu entfernen. 

10. Vorrichtung nach Anspruch 9, in welcher die durch 
die Unterteilungen gebildeten Offnungen einen 
schragen Winkel relativ zu einer Bewegungsrich- 
tung (C) der Transportmittel bilden. um die Teile 
gleichzeitig zu den Mittein zum elektrostatischen 
FlieBbett-Beschichten bewegen. 

11. Vorrichtung nach Anspruch 9 Oder 10, in welcher 
eine Relativbewegung zwischen den Teilen und 
den Offnungen durch Rotation der Greifmittel 
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erzeugt wird. urn oberschOssiges oder uner- 
wunschtes Pulver von den Teilen abzukratzen. 

12. Vorrichtung nach den Anspruchen 9. 10 Oder 11 . in 
welcher die genannte Vorrichtung mit den genann- s 
ten Off nungen weiterhin mit Absaugmitt In (66) ver- 
sehen ist. urn uberschusslges oder unenwOnschtes 
Pulver Wiedervenwertungsmitleln (59) zuzufQhren. 

13. Vorrichtung nach Anspruch 12, in welcher die Bear- io 
beitungsstation ein Gehause (20) umfaBt und die 
Wiedervenwertungsmitlel einen Absaug-Auffangbe- 
halter (59) innerhalb des Gehduses umfassen. 

14. Vorrichtung nach Anspruch 13, welche weiterhin is 
Mittel (27) zum Aufrechterhalten eines Unterdrucks 
innerhalb des GehSuses relativ zum Luftdruck der 
Umgebung umfaBt, urn ein Austreten von uber- 
schussigem Pulver aus dem GehSuse zu verhin- 
dern. umfaBt. urn ein Austreten von 20 
QberschOssigem Pulver aus dem Gehduse zu ver- 
hindern. 

15. Vorrichtung nach mindestens einem der vorherge- 
henden Anspruche, in welcher die Transportmittel 25 
die Telle entlang einer bogenfOrmigen Bahn (C) 
bewegen, urn die genannten Telle zu den MItteIn 
zum elektrostatischen FlieBbett-Beschichten zu 
transportieren. 

30 

16. Vorrichtung nach mindestens einem der vorherge- 
henden AnsprOche. in welcher die Teile tauter sind. 
die jeweils entgegengesetzt angeordnete, aus 
einem zentralen Blechpaket (54) ragende Wellen 
(13, 1 3') aufweisen, so daB diese von den Greifmit- ss 
teln festgehalten werden kOnnen. 

17. Vorrichtung nach Anspruch 16, In welcher die 
genannte Lfingsachse parallel zu einer horizonta- 

len Pulvertragerplatte (50) der Mittel zum elektro- 40 
statischen FlieBbett-Beschichten veriauft. 

18. Vorrichtung nach Anspruch 16 oder 17, in welcher 
die Transportmittel zwei sich einander gegenuber- 
liegende Greifmittel zum Ergreifen dar entgegenge- 45 
setzt angeordneten Wellen eines der genannten 
Laufer umfassen, und diese Greifmittel an Stutzar- 
men (30, 31) der Transportmittel befestigt sind. 

19. Vorrichtung nach Anspruch 18, bei der die Greifmit- so 
tel weiterhin Mittel (40) zum Ergreifen und zum 
Festhalten der Wellen umfassen. wobei diese Mittel 
zum Ergreifen und Festhalt einen Verriegelungszy- 
linder (48) umfassen, welcher einen hohlen Kern 
aufweist. dessen Durchmesser groBer ist als der ss 
Durchmesser der Welle, um diese aufzunehmen, 
sowie eine kegelstumpffOrmige auBere Fiache, 
deren Durchmesser mit zunehm nder Entf rnung 



von den Laufern abnimmt: wobei die Mittel zum 
Ergreifen und Festhalten weiterhin einen Zylinder 
mit einer Schulter (45) aufweisen, der welter ent- 
fernt von dem Laufer als der Verriegelungszylinder 
angeordnet ist. 

10, Vorrichtung nach Anspruch 1 1 . in welcher eine rela- 
tive translatorische Bewegung zwischen den Teilen 
und den Offnungen ebenfalls erzeugt wird. um 
uberschusslges oder unenwOnschtes Pulver von 
den Teilen abzukratzen. 

21. Vorrichtung nach mindestens einem der vorherge- 
henden Anspruche, in welcher die Bearbeitungs- 
station weiterhin Nachbehandlungsmittel (23) 
umfaBt. um eine Nachbehandlung der Teile durch- 
zufQhren. 

22. Vorrichtung nach Anspruch 21. in welcher die 
Nachbehandlungsmittel Mittel (26) zum Erhitzen 
der Teile umfassen, um diese Nachbehandlung zu 
bewerkstelligen. 

23. Varichtung nach Anspruch 6 oder 7, umfassend 
weiterhin Mittel (322, 323) zum Aufrechterhalten 
eines Uberdrucks innerhalb der automatischen 
Abdeckeinrichtung relativ zum Luftdruck der Umge- 
bung. 

24. Vorrichtung nach Anspruch 16. umfassend weiter- 
hin Mittel (402, 13, 13* 322. 323) zur Erzeugung 
eines Luftstroms, um die Kanten der Pulverbe- 
schichtung aur den Wellen auszuformen. 

25. Vorrichtung nach mindestens einem der vorherge- 
henden Anspruche, in welcher die Transportmittel 
einen beweglichen Hauptstutzarm (102, 74) umfas- 
sen, um die Greifmittel zu stOtzen und zu bewegen. 

Revendicatlons 

1 . Appareil (1 0) pour appliquer un rev§tement en pou- 
dre sur des pieces (12) de moteurs 6lectriques, 
dans lequel lesdites pi^es ont des arbres (13.13') 
qui s'6tendent a partir d'une partie noyau, ledit 
appareil comprenant: 

un moyen de convoyage (1 1) pour convoyer 
lesdites pieces a travers ledit appareil ; 

un poste de traitement (20). ledit poste de 
traitment comportant : 

un moyen (21) d'application de rev§tement 
par lit f Iuidis6 6lectrostatique pour appliquer, par un 
proc6d6 aiectrostatique, ledit revStement en pou- 
dre sur lesdites pieces ; caract6ris6 en ce qu'il com- 
prend en outre un moyen de transfert (15) pour 
enlever lesdites pitees dudit convoyeur, d^placer 
lesdites pieces a travers ledit poste de traitement et 
renvoyer lesdites pieces vers ledit convoyeur. dans 



12 



23 



EP0 501 264 B1 



24 



lequel ledit moyen de transfert comprend des 
moyens de pr6hension (30. 31, 40. 41) pour main- 
tenir fermement lesdits arbres (13. 13*) d'une plura- 
lity desdites pieces en gardant leur axe longitudinal 
(400) horizontal ; et un moyen pour d^placer, simul- 
tan6ment, ladite plurality desdites pieces vers le 
moyen d'application de rev§tement par lit fluidis6 
6Iectrostatique (21). tandis que lesdits arbres des- 
dites pieces sont maintenus grace auxdits moyens 
de pr6hension (30, 31. 40. 41). et pour positionner 
lesdites pieces, en conservant leur axe longitudinal 
(400) horizontal, par rapport audit dit fluidis6 6lec- 
trostatique. afin d'appliquer simultan6ment le rev§- 
tement sur la plurality de pieces. 

2. Appareil selon la revendication 1 , dans lequel ledit 
moyen de transfert conrprend en outre des moyens 
(315, 342) pour mettre en rotation ladite plurality de 
moyens de pryhension, afin de prysenter les faces 
souhaityes desdites piyces audit moyen d'applica- 
tion de revytement. 

3. Appareil selon la revendication 2, dans lequel les- 
dits moyens de mise en rotation desdits moyens de 
pryhension comprennent une transmission par 
poulie et courroie (342) pour mettre en rotation, 
simultanyment. ladite plurality de moyens de pry- 
hension. 

4. Appareil selon Tune quelconque des revendications 
prycydentes. dans lequel ledit moyen de transfert 
est interchangeable de fagon k permetlre la manu- 
tention de piyces de dimensions diffyrentes. 

5. Appareil selon Tune quelconque des revendications 
prycydentes, dans lequel ladite plurality de moyens 
de pryhension est interchangeable de fagon k per- 
mettre la manutention de piyces de dimensions dif- 
fyrentes. 

6. Appareil selon Tune quelconque des revendications 
prycydentes. dans lequel ledit moyen de transfert 
comprend en outre un moyen (402) pour masquer, 
automatiquement. des parties de ladite plurality de 
piyces, afin d'emp§cher le dypdt dud'rt rev§tement 
sur lesdites parties. 
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9. Appareil selon la revendication 8, dans lequel ledit 
moyen de netloyage comprend en outr des ouver- 
tures (25) formyes par des syparations (62). dans 
lequel lesdites syparations raclent lesdites zones 
de ladite plurality de piyces pour enlever le rev§te- 
ment en poudre en excys ou non dysiry. 

1 0. Appareil selon la revendication 9. dans lequel lesdi- 
tes ouvertures formyes par lesdites syparations 
sont agencyes selon un angle oblique par rapport h 
la direction de dyplacement (C) desdits moyens de 
transfert pour dyplacer. simultanyment, ladite plu- 
rality desdites piyces vers ledit moyen d'application 
de revStement par litfluidisy yiectrostatique. 

15 

11. Appareil selon la revendication 9 ou 10, dans lequel 
le dyplacement relat'rf entre ladite plurality de piy- 
ces et lesdites ouvertures est ryalise par la rotation 
de ladite plurality de moyens de pryhension. pour 

20 racier la poudre en excds ou non dysirye de ladite 
plurality de piyces. 

12. Appareil selon les revendications 9. 10 ou 1 1. dans 
lequel lesdites ouvertures sont munies, en outre, 

25 d'un moyen de vide (66) pour conveyer ladite pou- 
dre en excys ou non dysirey jusqu'y un moyen de 
rycupyratlon (59). 

13. Appareil selon la revendication 12, dans lequel ledit 
30 poste de traitement comprend une enceinte (20) ; 

et ledit moyen de rycupyratlon comprend une 
chambre de rycupyratlon sous vide (59) k I'intyrieur 
de ladite enceinte. 
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14. Appareil selon la revendication 13, comprenant en 
outre un moyen (27) pour conserver dans ladite 
enceite une pression d'air nygative par rapport k la 
pression atmosphyrique ambiante, afin d'empycher 
la f uite du surplus de poudre dud'rt boTtier. 



15. Appareil selon I'une quelconque des revendications 
prycydentes. dans lequel ledit moyen de transfert 
dyplace ladite plurality de piyces le long d'un trajet 
incurvy (C) pour dyplacer ladite plurality desdites 
45 piyces vers ledit moyen d'application de rev§tement 
par litfluidisy yiectrostatique. 



7. Appareil selon la revendication 6, dans lequel ledit 
moyen de masquage automatique est interchan- 
geable. 

8. Appareil selon la revendication 1 . dans lequel ledit 
poste de traitement comprend en outre un moyen 
de nettoyage (22) pour enlever le revStement en 
poudre en excys ou non dysiry des zones de ladite ss 
plurality de piyces, aprys revdtement de ladite plu- 
rality de piyces avec ledit moyen de revStement. 



16. Appareil selon I'une quelconque des revendications 
prycydentes. dans lequel ladite plurality de piyces 
est une pluralrty d'armatures dont chacune pry- 
sente des arbres opposy (13. 13*) qui font saillie ^ 
partir d'un empilement central (54) de structures 
lamifiyes pour fitre maintenues par lesdits moyens 
de pryhension. 

17. Appareil selon la revendication 16, dans lequel ledit 
axe longitudinal est paraliyie k une plaque horizon- 
tale (50) de support de poudre faisant partie dudit 
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moyen d'appiication de revdtement par (it fluidis^ moyensde prehension. 

6lectrostatique. 

18. Appareil selon la revendication 16 ou 17. dans 
lequel (edit dispositif de transfert comprend deux s 
moyens de prehension opposes pour saisir lesdits 
artres opposes de Tune desdites armatures ; et 
dans iequel lesdits deux moyens de prehension 
oppose sont monies sur des bras de support (30, 
31) dudit moyen de transfert. io 

19. Appareil selon la revendication 18, dans lequel ledit 
moyen de prehension comprend, en outre, un 
moyen (40) pour s'engrener sur et maintenir cha- 
cun desdits arbres, ledit moyen d'engrenement et is 
de maintien comprenant un cylindre de blocage 
(48) presentant une dme creuse ayant un diametre 
superieur au diametre dudit art)re pour recevoir 
ledit art)re, et pr6sentant une surface exterieure 
tronconique dont ie diametre decroTt dors le sens 20 
que s'eioigne desdites armatures, ledit moyen 
d'engrenement et de maintien comprenant en outre 

un cylindre de mise on prise (45) qui est plus eioi- 
gne de ladite armature que dudit cylindre de blo- 
cage. 25 

20. Appareil selon la revendication 1 1 , dans lequel un 
deplacement de translation relative est egalement 
realise entre ladite pluralite de pieces et lesdites 
ouvertures pour racier la poudre en exces ou non 30 
desires de ladite pluralite de pieces. 

21 . Appareil selon i'une quelconque des revendications 
precedentes, dans (equal (edit poste de traitement 
comprend en outre un moyen de cuisson (23) pour ss 
executer une operation de cuisson de (adite plura- 
lite de pieces. 

22. Appareil selon la revendication 21 , dans lequel ledit 
moyen de cuisson comprend un moyen (26) pour 40 
chauffer ladite pluralite de pieces pour obtenlr ladite 
cuisson. 

23. Appareil selon les revendications 6 ou 7, compre- 
nant en outre des moyens (322, 323) pour conser- 45 
ver, e rinterieur dudit moyen de masquage 
automatique. une pression d'air positive par rapport 

e la pression atmosphertque ambiante. 

24. Appareil selon la revendication 16. comprenant en so 
outre des moyens (402, 13, 13', 322, 323) pour pro- 
duire un jet d'air pour former le bord du revetement 

de poudre sur lesdits arbres. 

25. Appareil selon I'une quelconque des revendications 55 
precedentes, dans lequel ledit dispositif de transfert 
conprend un bras principal de support mobile (102, 

74) pour supporter et deplacer ladite pluralite de 
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